Autism spectrum disorders (ASD) display immense genetic and phenotypic heterogeneity. Two studies now use network analysis to identify biological pathways and brain regions with potential involvement in ASD. Parikshak et al. map ASD genes onto genome-wide transcriptional networks representing early brain development, whereas Willsey et al. focus on nine high-confidence ASD genes and use them as seeds for developing coexpression networks for different brain regions at different developmental times. The studies show a convergence of ASD genes on cortical glutamatergic neurons during fetal development, providing a temporal and spatial framework for studying ASD pathophysiology.
Coding Complexions PAGE 1022
In humans, sequence polymorphisms in interferon regulatory factor 4 (IRF4), a gene involved in immune signaling, is surprisingly associated with blue eyes, brown hair, sun sensitivity, and freckles. Using whole-genome sequence data, Praetorius et al. find that a single base difference in a noncoding region of IRF4 affects the ability of the transcription factors TFAP2A and MITF to regulate its expression. Further, IRF4 is required to synergistically control transcription of the pigmentation enzyme tyrosinase along with MITF, thereby affecting human pigmentation.
One Factor to Process Them All PAGE 1061
Lee et al. find that the Mtr4 family protein, Mtl1, forms a nuclear RNA-processing network that processes mRNAs, snoRNAs, long noncoding RNAs, and transcripts containing cryptic introns. An Mtl1-containing core complex associates with different factors to assemble distinct heterochromatin domains. Other Mtl1-dependent complexes target cryptic introns to specify RNAi-dependent production of small RNAs and heterochromatin assembly at retrotransposons and developmental genes while also maintaining telomeres.
Noncoding in Nrdvana PAGE 1075
Transcription from bidirectional promoters that synthesize mRNA and divergent noncoding RNA (ncRNA) leads to pervasive transcription of up to 85% of the yeast genome. Schulz et al. show that ncRNA transcription in Saccharomyces cerevisiae is globally restricted by early termination that relies on the essential RNA-binding factor Nrd1. Nrd1 preferentially binds RNA motifs that are enriched in ncRNA and depleted in mRNA. These results define a global mechanism for transcriptome surveillance that selectively terminates ncRNA synthesis to provide promoter directionality and to suppress antisense transcription.
Single, Stranded, and Stressed
PAGE 1088
Replication stress generates vulnerable intermediates such as single-stranded DNA (ssDNA) that must be protected to ensure genomic integrity. Toledo et al. show that replicating genomes are safeguarded by the availability of nuclear RPA, which shields ssDNA against nucleolytic attacks. Failure of the ATR pathway, which limits ssDNA generation, exhausts the RPA reservoir and provokes breakage of active forks followed by a pan-nuclear ''replication catastrophe.'' This mechanism explains the hypersensitivity to ATR inhibitors of cancer cells, which commonly feature replication stress.
Three LINEs of Evidence PAGE 1034
Taylor et al. describe the interactomics of retrotransposons with human host cells, revealing at least three types of compositionally and functionally distinct LINE-1 ribonucleoproteins (RNPs). High-confidence protein interactors identified include members of essential cellular pathways such as nonsense-mediated decay and DNA replication/repair. Cell-to-cell heterogeneity observed by fluorescence microscopy and affinity purification of transposon RNPs also yield intriguing hints that there may be temporal regulation of LINE-1 RNP type at different stages of the cell cycle.
A Polymer to Catch a Polymerase PAGE 1049
Low-complexity (LC) polypeptide domains have been known to fuse with the DNAbinding domains of transcription factors, transforming them to potent and oncogenic transcriptional activators. Kwon et al. have found that LC domains of these fusion proteins form polymeric fibers. The C-terminal domain (CTD) of RNA polymerase II can bind to these fibers in a manner reversible by phosphorylation events that trigger transcription initiation. The findings suggest a role for LC domains in influencing the recruitment of Pol II and the strength of gene expression.
Reaching Retirement before Birth PAGE 1104 and PAGE 1119
Cellular senescence is a stable cell-cycle arrest in response to cellular damage and pathological states, and it is linked to cancer and aging. Muñ oz-Espín and Storer et al. now show that senescence also occurs during normal mammalian embryonic development at precisely defined locations and stages, where it participates in tissue remodeling and morphogenesis. Developmentally programmed senescence could be the precursor of damage-induced senescence during evolution.
Smell the Roses for Better Health PAGE 1141
Shim et al. report the surprising finding that olfactory activity is essential for the maintenance of blood progenitors in Drosophila. Activation of olfactory neurons causes the release of GABA from a small group of neurosecretory cells in the brain into the circulating blood. This systemic GABA activates the GABA receptor expressed on the surface of undifferentiated blood progenitors resident within the hematopoietic organ, regulating cytosolic calcium that supports their maintenance. This study links sensory stimulation to the hematopoietic development that functions to maintain an innate immune system.
Weeding Out Negative Side Effects PAGE 1154
The negative cognitive effects of D9-THC, the main psychoactive ingredient in cannabis, reduce its medical usefulness.
Chen et al. demonstrate that these negative effects are associated with induction of the cyclooxygenase COX-2 and that pharmacological or genetic inhibition of COX-2 alleviates the negative effects, improving synaptic plasticity and memory. These results suggest a potential therapeutic approach, combining D9-THC with COX-2 inhibitors such as nonsteroidal anti-inflammatory drugs (NSAIDs) to enable the beneficial effects of D9-THC while reducing the undesirable ones.
Knowing Me, (Not) Knowing You PAGE 1166 Expression of Dscam1 isoforms establishes neuronal identity, but whether this process is deterministic or probabilistic is unclear. Miura et al. show that alternative splicing of Dscam1 in neurons in vivo does not follow any anatomic-, developmental-, or cell-type-specific patterns, supporting a model in which the primary function of Dscam1 identity is to promote self-avoidance rather than contribute to instructive interactions between different cells.
To Virome Self Be True PAGE 1178
Using DNA sequencing of cell-free DNA extracted from plasma of organ transplant recipients, De Vlaminck et al. investigate the response of the virome, the viral component of the microbiome, to the strong immune modulations. The antivirals and immunosuppressants used to treat organ transplant recipients strongly affect the structure of the virome in plasma, whereas the bacterial component of the microbiome remained largely unaffected. The data also offer a potential application of the virome state to predict immunocompetence.
Thinking Outside of the Box-ysome PAGE 1131 Cyanobacteria construct massive organelles termed carboxysomes to encapsulate hundreds of RuBisCO molecules, promoting efficient carbon fixation and cell survival. Cameron et al. delineate the pathway for carboxysome assembly and find that, in contrast to the majority of eukaryotic organelles, the boundary shell assembles only at the end of the process, with the organelle essentially forming from the inside out.
